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Abstract O Propiram bioavailability was determined in 10 healthy
volunteers after a single oral administration of 50 mg (base equivalent)
of propiram fumarate in tablet or solution dosage form in a randomized
crossover design. The plasma drug concentration-time curve revealed
a one-compartment open model with first-order absorption kinetics.
There were no statistically significant differences (p > 0.05) between all
of the measured pharmacokinetic parameters obtained from the tablet
and the solution with the exception of the absorption lag time (¢154), where
the tablet had a significantly longer ¢),;. The drug given as a tablet or
solution was absorbed rapidly after oral administration with an apparent
absorption rate constant of 3.7 hr~! for both dosage forms. The C ., value
(308 ng/ml for the tablet and 342 ng/ml for the solution) was attained at
~1 hr after oral administration. The elimination half-life was 5.2 hr for
the tablet and 4.4 hr for the solution, and the apparent distribution vol-
ume was 2.31 liters/kg for the tablet and 1.94 liters/kg for the solution.
Total body clearance was much greater than renal clearance, indicating
extensive metabolic clearance for both dosage forms. The study showed
that propiram administered as the tablet was bioequivalent to the solu-
tion.

Keyphrases 0 Propiram—Dbioavailability in humans, tablet versus so-
lution 0 Hydrolysis—fluorescence analysis, despropionylpropiram O
Bioavailability-—orally administered propiram in humans O Antispas-
motics—propiram, tablet versus solution bicavailability in humans

Propiram fumarate, N-(1-methyl-2-piperidinoethyl)-
N-2-pyridylpropionamide fumarate, was shown in clinical
studies to have analgesic efficacy following oral and par-
enteral administration. The drug was active in dogs, cats,
mice, rats, rabbits, and humans (1, 2) and displayed no
physical dependency, carcinogenicity, embryo toxicity, or
influence on general reproductive performance (3).

Although pharmacokinetic studies of propiram fumarate
in animals (3) and humans (3, 4) have been reported, a
detailed pharmacokinetic analysis of the plasma propiram
concentration—time data is not available. Thus, the present
study was conducted to provide comprehensive informa-
tion on propiram pharmacokinetics and bioavailability in
healthy volunteers after a single oral administration of
propiram fumarate in a tablet or solution.

0022-3549/81/0500-0521$01.00/ 0
© 1981, American Pharmaceutical Association

EXPERIMENTAL

Drug Formulation—Two preparations containing propiram fumarate
were tested, propiram fumarate tablet! and propiram fumarate solution?
containing 50 mg as propiram.

Study Protocol—Ten healthy male adult volunteers (25-40 years of
age) participated. Routine laboratory profiles including a complete blood
count, urinalysis, and chemistry panel were obtained prior to the study
and 48 hr after drug administration,

The study, a randomized crossover design, was composed of two seg-
ments. In the first segment, after an overnight fast, each subject received
a single dose of propiram fumarate (equivalent to 50 mg of base) as a
tablet or solution with 100 ml of water according to a random code. After’
at least a 4-day washout period, the subjects were given the other dosage
form. No food was allowed until the 4th-hr blood sample was collected,
after which a low-fat meal was given.

Blood samples were obtained at 0, 0.5, 0.75, 1.0, 1.5, 2.0, 2.5, 3, 4, 5, 8,
12, 16, and 24 hr. The plasma was separated by centrifugation and stored
frozen until it was assayed.

Urine was collected prior to drug administration and for two intervals,
0-24 and 2448 hr, after drug administration. The total volume of each
collection was measured, and an aliquot was frozen until it was as-
sayed.

Assay—A modified method of Piitter and Kroneberg (3) was used. The
propionyl group was removed from propiram by acid hydrolysis, and the
formed secondary amine (despropionylpropiram) showed a strong fluo-
rescence at specific wavelengths in acidic solution.

Five milliliters of plasma, or 0.5 ml of urine sample plus 4.5 ml of water,
was adjusted to pH 11 with 5 N NaOH and extracted with 7 ml of toluene.
Six milliliters of the toluene phase then was extracted with 3mlof 1 N
H2S0,4. An aliquot of the acidic aqueous phase (2.5 ml) then was trans-
ferred to a 3-ml serum bottle3, After the air was displaced with argon, the
vial was closed with a stopper? and aluminum seal and placed in a man-
ifold block® heater for 4 hr at 120°. After cooling to room temperature,
the fluorescence of the formed despropionylpropiram was measured at
314 (excitation) and 380 (emission) nm in a spectrophotofluorometer®.

1 FMR 76228D-06, batch 8747-40, Schering Corp., Bloomfield, N.J.

2 FMR 77571D, batch 9383-44, Schering Corp., Bloomfield, N.J.

3 No. CA8290, 3 mt T-1, Kimble Glass, Paramus, N.J.

4 No. 541, Teflon-lined natural rubber stopper, 13 mm, West Rubber Co.,
Phoenixville, Pa.

5 Multi-Temp block heater, No. 2093, Lab-Line Instruments, Melrose Park,
1.

6 Aminco-Bowman, American Instruments Co., Silver Spring, Md.
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Tablet

@Data are reported as mean + SEM, n = 10. ¥ The numbers in parentheses are the coefficients of variation in percent of the mean,
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Figure 1—Mean plasma propiram concentrations—time curve after a

single oral administration of propiram fumarate (50-mg base equiva-

lent) in normal subjects. Key: @, tablet; and ©, solution.
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The drug concentration was determined from measured fluorescence in
each sample by comparison with a calibration curve obtained with pure
despropionylpropiram. The correction factor for differences in molecular
weight between propiram and despropionylpropiram was applied.

Under the assay conditions, the detection limit for propiram, defined
as the lowest point on the calibration curve producing a mean + SD where
the coefficient of variation did not exceed 10%, was 25 ng/ml. Levels below
25 ng/m] were estimated from the calibration curve.

Data Analysis—The plasma propiram concentration-time data from
individual subjects were analyzed by CSTRIP (5) to obtain initial
polyexponential parameter estimates. The computer stripping revealed
that the individual data were described adequately by a biexponential
equation. The coefficients and rate constants obtained then were used
as preliminary estimates for further computer analysis by the nonlinear
least-squares program NONLIN (6). Specific first-order rate constants
for absorption (K,) and elimination (K), as well as apparent volume of
distribution (V4), were obtained using the one-compartment open model
with first-order absorption. The plasma concentration of drug (C,) at
any time (¢) after a single dose (D) is described by:

FD a K(t—¢,
= K - 1ag) — o —Kal(t—tiag) .
Cp Va (Ka —~ K) 3 e ] (Eq. 1)

where F is the fraction of dose absorbed and t1e is the absorption lag time
(the time elapsed between dosing and the time of appearance of mea-
surable plasma drug concentration).

The area under the plasma drug concentration-time curve from 0 to
24 hr (AUC 2 1) was calculated by the trapezoidal rule, and the total area
(AUC..) was estimated by AUCs4 ks + Cp,24 ne/K, where Cp 24 b is the
estimated plasma drug concentration at 24 hr after drug administration.
The observed maximum plasma drug concentration (Cmgx) and the time
(T'max) to reach Cpey were obtained from the individual plasma drug
concentration-time data.

The total body clearance (Clyg) was calculated from the ratio of the
administered dose to AUC ... The renal clearance (Clg) was calculated
from the ratio of the cumulative urinary excretion (0-48 hr), £ Du4g ny
to AUC..

The estimated pharmacokinetic parameters of propiram for the two
formulations were compared statistically via analyses of variance for
crossover design.

RESULTS AND DISCUSSION

The mean plasma propiram concentrations with time for the tablet
and solution are given in Table I and Fig. 1. A substantial intersubject
variation in the plasma propiram concentration was observed at 30 min
and 12 hr for both dosage forms (in which the coefficient of variation was
>50% of the mean value). Similar variation in plasma concentration at
30 min was observed by Piitter and Kroneberg (3). The large variation
in propiram concentration seen at the 24-hr sampling time in the present
study may have been due to levels being near detection limits of the
assay.

The individual plasma drug concentration-time data were fitted best
by a one-compartment open model with first-order absorption. The mean
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Figure 2—Cumulative urinary excretion of propiram (048 hr) after
a single oral administration of propiram fumarate (50-mg base equiv-
alent) in normal subjects. Key: @, tablet, n = 8, mean + SD = 243 %
10.3; and ©, solution, n = 9, mean + SD = 31.5 £ 10.0.

and standard errors of the estimated pharmacokinetic parameters of
propiram for both dosage forms are presented in Table II. The data in
Table Il indicate that the drug was absorbed rapidly after administering
either the tablet or solution with an apparent absorption rate constant
(Ka) of 3.7 hr=1; however, the t),g of the tablet (0.34 hr) was longer than
that of the solution (0.14 hr). The differences (0.2 hr) in the t)4g represent
the disintegration—dissolution time of the tablet dosage form. Comparison
of other pharmacokinetic-bioavailability parameters of the two dosage
forms revealed no statistically significant differences (p > 0.05). This
finding indicates that the dissolution rate of the propiram fumarate tablet
is fast and may not be rate limiting in absorption. After oral adminis-
tration, propiram was >97% absorbed (3). Thus, the fraction of dose
absorbed (F) can be considered as unity.

The time to reach maximum plasma concentration (T'mex) was 1.4 hr
for the tablet and 1.2 hr for the solution. These values were in accord with
literature data for the tablet (3). The maximum plasma drug concen-
trations {Cpax) of propiram were similar with the two dosage forms: 308.3
ng/ml for the tablet and 342.3 ng/ml for the solution. The areas under
the plasma drug concentration-time curves from 0 to 24 hr (AUCg¢ 1)
were 2098.35 and 2150.73 (ng hr)/ml for the tablet and solution, respec-
tively. The size of the area integral under the plasma levels versus time
curve indicates that the same magnitude of bioavailability was obtained
after either the tablet or solution dosage form.

Table II—Pharmacokinetic Parameters of Propiram afier a
Single Oral Administration of Propiram Fumarate Tablet or
Solution (50-mg Base Equivalent) in Normal Subjects

Parameter Tablete Solutiona
Cmax, ng/ml 308.30 + 26.51 342.30 + 29.33
'max, DY 1.38 + 0.09 1.20 + 0.19

2150.73 + 300.25
2234.70 + 342.46
441.31 + 53.55

AUCg4 pr, ng-hr/ml  2098.35 + 269.65

AUC.., ng-hr/ml  2219.52: 323.75
8, ml/min 444.30 + 58.02

Z Duyg 1y, % of dose 24.34 + 3.65 31.59¢ + 3.34
Clg, ml/min 105.172 + 22.53 124.77¢ + 14.23
K, hr! 3.68+ 0.48 3.67+ 0.62
K, hrt 0.15 + 0.02 0.18 + 0.02
tyk,, hr 0.22+ 0.03 0.27 + 0.05
tyk, hr 5.17 + 0.58 4.35+ 0.47
Vg, liters/kg 2.31+ 0.16 1.94 + 0.09
tiag, hr 0.344 + 0.05 0.14: 0.06

4Mean t SEM of 10 subjects. ® Mean of eight subjects. ¢Mean of nine
subjects. @ Statistically significant (p < 0.05) when the tablet was com-
pared to the solution via analysis ot variance.

A large distribution volume (2.3 liters/kg for the tablet and 1.9 liters/kg
for the solution) indicates extensive metabolism and/or distribution. The
disposition (elimination) half-life (5.17 hr for the tablet and 4.35 hr for
the solution) obtained was lower than the value (~7 hr) reported by
Horster et al. (4) using a 14C-labeled propiram fumarate tablet.

The cumulative amounts of propiram excreted in the 0-48-hr urine
(2 Dug 1) after the tablet and solution are compared in Fig. 2. The mean
2 Du 4g 1 after the tablet (24.34%) was not significantly different (p >
0.05) from that after the solution (31.59%), showing that approximately
one-third of the administered dose was recovered in the urine as un-
changed propiram. A substantial intrasubject variation in 2 Dughr
values, as seen in Fig. 2, may have been due to the degree of metabolism
differences among the subjects.

For both the tablet and the solution, total body clearance (444 and 441
ml/min) was much greater than renal clearance (105 and 125 ml/min),
indicating that metabolic clearance is a major route of the drug disposi-
tion in humans.
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